Bulletin No. 302 - Nutritional Inadequacy of Beet Molasses Rations for Swine by Rasmussen, Russel A. et al.
Utah State University 
DigitalCommons@USU 
UAES Bulletins Agricultural Experiment Station 
7-1942 
Bulletin No. 302 - Nutritional Inadequacy of Beet Molasses 
Rations for Swine 
Russel A. Rasmussen 
Harry H. Smith 
Ralph W. Phillips 
Ton J. Cunha 
Follow this and additional works at: https://digitalcommons.usu.edu/uaes_bulletins 
 Part of the Agricultural Science Commons 
Recommended Citation 
Rasmussen, Russel A.; Smith, Harry H.; Phillips, Ralph W.; and Cunha, Ton J., "Bulletin No. 302 - Nutritional 
Inadequacy of Beet Molasses Rations for Swine" (1942). UAES Bulletins. Paper 264. 
https://digitalcommons.usu.edu/uaes_bulletins/264 
This Full Issue is brought to you for free and open access 
by the Agricultural Experiment Station at 
DigitalCommons@USU. It has been accepted for 
inclusion in UAES Bulletins by an authorized 
administrator of DigitalCommons@USU. For more 
information, please contact digitalcommons@usu.edu. 
NUTRITIONAL INADEQUACY 
OF BEE"T MOLASSES RATIONS 
FOR SWINE 
by Russel A. Rasmussen 
Harry H. Smith . 
Ra'ph W. Phillips 
Tony" J. Cunha 
How to Feed Sugar-Beet Molasses to Hogs 
Heavy Hogs. Hogs weighing' 100 pounds or more may be 
fed as much as 40 percent of their rations as beet molasses 
and still make as rapid and cheap gains as hogs fed similar 
rations without molasses. A satisfactory ration is barle'y, 44 
parts; tankage, 10 parts; molasses, 40 parts; alfalfa meal, 5 
parts; and common salt, 1 part. The alfalfa can be fed as 
hay, free choice~ and the salt with due precaution can also be 
fed free choice. It is usually easier to fee'd the grain, tankage 
and molasses mixed into a slop with wate'r. 
Light Hogs. Weaner pigs will not thrive' on the above 
ration, but will develop a disease involving the nervous system. 
However, 40 percent of the' ration can be molasses if the pigs 
receive the equivalent of 5 percent of hay as fresh cut green 
alfalfa or 5 percent of dried brewer's yeast. A satisfactory 
ration for we'aner pigs is barley, 41 parts; tankage, 13 parts; 
molasses, 40 parts; fresh cut green alfalfa, 25 parts, and com-
mon salt, 1 part. The green alfalfa can be furnished as pas-
ture and the salt fed free choice. It is usually most satisfac-
tory to feed the barley, tankage and molasses as a slop. 
Substitution of skim-milk for tankage and the possible use 
of more alfalfa hay in the above rations are now being studied. 
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NUTRITIONAL INADEQUACY OF BEET 
MOLASSES RA TIONS FOR SWINE 
RUSSEL A. RASMUSSEN, HARRY H. SMITH, 
RALPH W. PHILLIPS, AND TONY J. CUNHA 
Introduction 
THE feeding of large amounts of beet molasses to young hogs causes a condition that is characterized by a wobbly gait, and that is fre-
quently fatal. Hog raisers have apparently recognize'd this condition 
for a number of years, since a number of farmers have reported it in 
their animals. Some farmers have also reported breeding failure'S and 
abortions when beet molasses was fed to brood sows. Consequently, 
beet molasses has not been considered a good hog feed by Utah raisers. 
Beet molasses is a relatively cheap source of carbohydrates and 
could be used advantageously in pork production if the cause of the 
abnormal conditions de'scribed above could be discovered and control-
led. This problem has been studied for several years at the Agricul-
tural Experiment Station in Logan and the results are reported in this 
bulletin. 
Sugar-Beet Molasses 
MOLASSES is a by-product of the sugar industry. Utah now has available each year about 24,000 tons of sugar-beet molasses. This 
product is not suited for human consumption, but can well be used as 
a stock feed. 
Whether it be sugar cane or sugar beets, the manufacturing process 
is quite similar. The first step is extraction of the juice with the aid 
of water. Heat, lime, and other chemicals are used to aid in clarifying 
the juice and in removing as many impurities as possible. 
The clarified juice is drawn away from the precipitated imp uri-
tie's, and after excess lime is removed as calcium carbonate, the juice 
is concentrated in a vacuum until crystalization begins; and then under 
carefully controlled conditions of vacuum concentration, these crystals 
are increased in size. At the t ermination of this process, the crystals 
and the concentrated juice are centrifuged. The crystals of sugar and 
adhering impurities remain in the centrifuge and are removed for fur-
ther purification. The centrifugate is added to fresh juice or juice of 
a previous run, concentrated and centrifuged (usually twice) until im-
purities prevent further profitable crystalization. The dense, dark-
colored liquid obtained from the last centrifuging is molasses. 
Report on project 178·State. 
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In the United States beet molasses is often subje'cted to another 
t.reatment (Steffen's process) which allows still further r ecovery of 
sugar. Cane molasses cannot be so treated because' its glucose content 
interferes. The method consists essentially of precipitation of the su-
crose with lime as the tribasic sucrate. The insoluble sugar salt is 
re'moved in a filter press, and the filtrate concentrated for use as a 
fertilizer. The tribasic sucrate is added to more freshly extracted beet 
juice and the lime removed by introduction of carbon dioxide. Again 
accumulated impurities limit the amount of molasses that can be' Stef-
fenized, and when this limit is reached the final centrifuging yields a 
molasses called feeder's, or Steffen's, molasses. 
The Gre'at Western Sugar Company has equipment at Johnstown, 
Colorado, which enables this company to redeem still more sugar from 
Steffen's process molasses. The Steffen's process molasses is treated 
with a barium compound and the sucrose precipitates as a barium su-
crate. The liquid removed by the filter press is treated to remove the 
barium and the resultant product is concentrated to give "B" molasses. 
This material is high in crude' protein_ The barium sucrate from the 
filter press is treated to remove the barium, and the liquid procured 
is concentrated in a vacuum to crystalize the sugar. From this process 
a molasses is obtained which will no longer profitably yield sugar_ This 
material is called "A" molasse'S. For livest~ck feeding purposes, "A" 
and "B" molasses are combined to give "C" molasses. 
Review of Literature 
THAT some trouble was experience'd with molasses by early Euro-pean hog feeders is found in the Swedish literature of 1898, where-
in Brant ( fE) reports on poisoning of swine by too heavy molasses 
feeding_ The reported symptoms on a ration of one part bran, one part 
palm kernel meal, and two parts molasses we're loss of weight and 
appetite followed by paralysis from which some animals r ecovered, 
but others were killed apparently to speed autopsy_ 
Carroll (4) recognize'd the possibilities of sugar-beet molasses as 
a feed for swine, and in 1917 reported results of attempts to rear 
weaner pigs (9-12 weeks old) on rations of barle), wheat shorts, and 
molasses. His experimental hogs began to fail within two months. The 
pigs did not thrive, lost weight, and many of them died. The symp-
toms prior to death were loss of appetite, and partial loss of muscular 
control which resulted in a wobbly, staggering gait. 
Henke (10) in an experime'nt involving 51 pigs on dry lot, found 
cane molasses in amounts up to 20 percent of the concentrate ration 
to be worth as much as rolled barley (pound for pound) when fed to 
pigs having an initial weight of about 50 to 100 pounds. The rations 
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used were compose'd of rolled barley, cane molasses, tankage, linseed 
oil cake meal, salt, steamed bonemeal, and green alfalfa. These results 
are borne out by earlier findings of Hackedorn and Sotola (9), and 
Lindsey, Holland, and Smith (22). 
Bohstedt, et al. (1) found cane molasses to be worth less than corn 
as a swine feed. 
Thompson and Hillier (30) and Thompson (29) successfully fed 
cane molasses to the extent of 4.0 percent of the rations of hogs. 
No reference was located that would indicate any abnormality 
resulting from feeding cane molasses. However, the work of Carroll 
(4) shows the inadvisability of carrying feeding experience with cane 
molasses over to beet molasses on the assumption that they do not differ 
!n feeding value. 
From a chemical standpoint, the two molasses do not differ great-
ly. Chemical analysis of cane molasses by Henke (10) and of beet 
molasses by Meyer ( 23) is presented in table 1. However, cane mo-
lasses is superior to beet molasses in vitamin content. Nelson, et al. 
( 25) and Randoin and Lacoq (27) demonstrated the richness of cane 
molasses in the' B-complex vitamins. 
Table 1. The chemical composition 0/ cane and beet molasses 
Cane molasses Beet molasses 
Constituent (Steffen's process) 
High Low Average California Colorado 
percent percent percent percent percent 
Total solids -_ ......... ------------------ 83.80 75.06 79.70 82.20 76.80 
Sucrose .----.-----_ ......... _-_ .... _--_ ...... __ ...... 40.04 32.71 36.88 50.65 49.00 
Invert sugar .......................... 21.55 6.04 13.99 0.10 0.17 
Raffinose .... ---_._--- -------_ ..... _-------_ .. Present* 0.11 3.51 
Total nitrogen -.. -------------_._ ... - .. 0.996 0.274 0.563 2.83 2.43 
Betaine _ ... _------- .. -------------_._---_ .. _- Present* 2.22 2.56 
Ash .... -- ..... _ .. -.. -.. -----_ ..... _------_ ................ _ .. -.... 14.49 8.63 10.15 10.98 10.38 
Phosphorus (P20 5 ) ._--------_ .. _- 0.268 0.056 0.111 
Calcium (CaO) ---------_ ... _------- 2.34 0.291 1.129 0.411 0.417 
Potassium (K2O) ... _---_ ...... _------ 5.218 2.43 4.76 5.839 5.611 
Sodium (Na20) --------------_ .. _- 0.428 0.121 0.228 0.718 0.881 
Magnesium (MgO) --------_ .. _ .. 1.384 0.27 0.727 0.000 0.011 
Silicon (Si02 ) ... ------........ ---------- 0.397 0.048 0.037 
Iron and aluminum .............. 0.443 0.075 0.214 0.032 0.097 
(Fe20a AI2Oa) 
* According to Spencer (29) 
Gyorgyi (8) found that beet molasses was almost devoid of vita-
min Bs and lactoflavin, while crude cane molasses was rich in vitamin 
Bs and contained small amounts of lactoflavin. 
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Thus it seemed likely that the condition found by Carroll (4-) was 
concerned with some member of the B-complex. 
Experimental Procedure and Materials 
A total of 182 purebred Duroc pigs from the college' herd were 
used in this study. Six different experiments are reported: 
(l) Winter 1936 
(2) Summer 1939 
(3) Spring 1940 
( 4) Summer 1940 
(5) Winter 1940 
(6) Summer 1941 
Beginning 
December 7, 1936 
July 13, 1939 
March 19, 1940 
May 13, 1940 (first animal 
placed on experiment) 
December 8, 1940 
June 2, 1941 (first animal 
placed on experiment) 
Ending 
February 1, 1937 
November 17, 1939 
May 14, 1940 
December 7, 1940 (last animal 
taken off experiment) 
May 3, 1941 (last animal 
taken off experiment) 
January 30, 1942 (last animal 
taken off experiment) 
Because of a long farrowing se'ason and hence a large difference 
in size and age of the pigs in the summer studies of 1940 and 1941, 
the hogs were placed on experiment as they became available and until 
each pen contained the desired number of animals. The pigs were allot-
ted to the various pens on the basis of litter, sex, and weight. 
The individual hogs were usually removed from the experiment 
and slaughtered on the Saturday at which they weighed 200 pounds or 
more for the studies of the spring and summer of 1940 and the summer 
of 1941. In the other studies the whole lot was killed at one time. The 
reason for slaughter of the' hogs at 200 pounds weight for the studies 
of the summers of 1940 and 194. 1, and winter of 1940 was to insure 
that the study covered approximately the same part of the growth cycle 
in ' all hogs considered. At slaughter, tissue sections were saved for 
pathological studies (summer 1940, winter 1940, and summer 1941). 
Red, white and differential cellular counts were made on the blood 
of the hogs during the' winter of 1940 and hemoglobin was determined 
by colorimetric comparison with a standard Newcomer plate. 
The animals were hand fed as groups in dry lot except in the case 
.of the studies of the summer and winter of 1940 when the animals 
were kept in a hog barn with concrete floors and outside runways. 
The animals on dry lot were furnished with adequate houses. Straw 
was used as bedding for all the animals during the cold weather. 
The initial and final weights were the average of we'ighings made 
on three consecutive days at the beginning and end of the experimental 
periods. Weights were' taken at two-weeks intervals except in the case 
.of the summer studies of 1941 when the animals were weighed at week-
ly intervals. The animals were observed twice daily at fe'eding time. 
Individual daily records were kept during 1940 and 1941. 
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The animals were fed twice daily the amount of feed that they 
would readily consume'. All animals were fed in water-tight troughs 
set on solid floors. The hogs had access to a constant supply of fresh 
water from self-watering barrels. 
The rations used in these studies are listed in table 2. Most of 
the feeds were purchased on the local market. The tankage was a 55 
percent protein grade, and the fishmeal a 65 percent protein grade. 
The barley contained only full kernels {ind was free from we'ed seed, 
as was also the winter wheat (Turkey). The wheat by-products came 
from whe'at of good quality. The alfalfa was a no. 1 poultry grade 
and the bonemeal was a steamed bonemeal (Digestabone). 
The green alfalfa was fr6>m 10 to 12 inches high when clipped, 
and the full day's supply was fed each morning immediately after clip-
ping. The amount fed was calculated first as 5 percent of the ration 
and then multiplied by 4.5 .1 
In order to facilitate mixing of the molasses into the molasses-
containing rations enough water was added to form a thick slop. Other 
rations were also fed as a slop to remove' any possibility of variations 
being the result of different feeding technique. The rations fed during 
a particular trial were calculated to approximately the same content of 
digestible protein using the tables of Morrison (24). 
The various constituents of the rations were mixed together at 
feeding time's. 
The cooked barley used in rations 15, 16, and 17 was prepared 
by adding an equal amount of water and cooking in a lard extraction 
kettle until the starch of the kernels was translucent. This required 
about two hours. 
Results and Discussion 
TH E experimental findings fall into two categories, depending on the weight of the animals at the beginning of the fe'eding period. Thus, 
for convenience, the data will be discussed according to the lots with 
average weight of 100 pounds or more at the beginning of the experi-
mental period (lots 1, 2, 7, 8) and the lighter lots of 29.0 to 53.5 
pounds average initial weight. 
IThe dried yeast used in these studies was furnished by the Anhauser·Busch 
Company of St. Louis, Missouri. The calcium pantothenate for the winter studies 
of 1940 was furnished by Merck and Company, Inc., of Rahway, New Jersey, and 
all other pure vitamins were purchased from this company. The Steffen's process 
:sugar beet molasses used was furnished by the Amalgamated Sugar Company of 
Ogden, Utah. The Hawaiian cane molasses was furnished by the Pacific Molasses 
Company, Limited, of San Francisco, California. 
Table 2. Rations fed to hogs in this study 
Season and year Winter Summer Spring 
1936 1939 1940 
Ration and lot no. 1 2 3 4 5 6 7 8 
Constituent 
Barley (percent) ............... 88.4 70.7 84.7 69.9 61.0 51.2 87.7 47.1 
WheaL ................................. 
Wheat germ ........................ 
Millrun bran ....................... 
Tankage .............................. 9.8 7.9 9.7 9.5 9.8 9.4 9.7 11.6 
FishmeaL .......................... 
Steffen's beet molasses ...... 19.5 17.5 26.2 36.4 37.5 
Hawaiian cane molasses ... 
A1£ a1£ a ................................. 1.8 1.9 2.9 3.1 2.6 3.0 2.6 3.8 
BonemeaL ........................... ad lib ad lib 
Salt ...................................... ad lib ad lib ad lib ad lib ad lib ad lib ad lib ad lib 
Dried yeasL ....................... 
Nicotinic acid ..................... 
Calcium pantothenate ....... 
Pyridoxin (Be) .................. 
Summer 
1940 
9 10 11 12 13 14 
86.0 43.0 43.0 39.0 40.0 
5.0 
46.0 
9.0 12.0 11.0 9.0 10.C 
12.0 
40.0 40.0 40.0 40.0 40.C 
5.0 5.0 5.0 5.0 5.0 5.0 
0.2 0.2 0.2 0.2 0.2 0.2 
ad lib ad lib ad lib ad lib ad lib ad lib 
5.C 
.... 
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:z 
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Table 2. Rations fed to hogs in this study (Continued) 
Winter Summer 
Season and year 1940 1941 
Ration and lot no. 15 I 16 I 17 18 19 20 21 I 22 I 23 24 25 
Constituent Cooked 
Barley (percent) .................................................................. ~ 35.0 I 32.0 I 35.0 I 78.0 I 34.0 I 34.0 I 34.0 I 34.0 I 31.0 I 35.0 
Wheat. ............ __ ..................................................................... . 
Wheat germ .......................................................................... . 
Millrun bran ........................................................................ . 
Tankage ................................................................................ . 
Fishmeal ............................................................................... . 
Steff,en's beet molasses ........................................................ . 
Hawaiian cane molasses ..................................................... . 
Alfalfa ................................................................................... . 
BonemeaL ........................ ...................................................... . 
Salt. ................................... , ........... __ .................................. _ ... . 
Dried yeast 
Nicotinic acid 
Calcium pantothenate 
Pyridoxin (Ba) 
tGreen alfalfa fed to 5 percent hay basis 
tMgms. per animal per week 
*Mgms. per 100 pounds live weight daily 
40.0 
5.0 I 5.0 I 5.0 I 5.0 
13.0 16.0 13.0 13.0 10.0 
40.0 I 40.0 40.0 
40.0 
5.0 I 5.0 5.0 5.0 5.0 1.0 1.0 1.0 1.0 1.0 
1.0 l.0 1.0 1.0 1.0 
100 mgms.'per 
week 
64t 
mgms. 
5.0 5.0 5.0 5.0 5.0 5.0 
14.0 14.0 14.0 14.0 17.0 13.0 
40.0 40.0 40.0 36.0 20.0 40.0 
4.0 20.0 
5.0 5.0 5.0 5.0 5.0 I t5.0 
1.0 1.0 1.0 1.0 l.0 1.0 
1.0 1.0 1.0 1.0 l.0 1.0 
IS mgms. per 100 lbs. live 
weight per day 
8* 
mgms 
6* 6* 
mgms mgms 
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The year and season, the lot number, the average length of the' 
experimental period including the extremes, the number of animals used 
per lot, the number of animals that died per lot including the days on 
experiment before death, the number per lot observed to have an inco-
ordinate gait, the average initial weight of the hogs including the ex-
tremes, the average final weight of the hogs including the extremes, the 
total feed consumed, the feed required for 100 pounds gain in those 
pens where no deaths occurred, and the average daily gains are pre-
sented in table 3. 
Heavy Hogs. Hogs weighing 100 pounds or more made as rapid 
gains when 19.5 and 37.5 percent of beet molasses was added to their 
rations (lots 2 and 8, respectively, table 3), as hogs fed similar rations 
without beet molasses (lots 1 and 7, respectively). The' average' daily 
gains for the non-molasses lots were 1.90 and 1.69 pounds, and 2.04 
and 1.67 pounds for the molasses-fed lots. However, somewhat more 
feed was required by the' molasses-fed lots for 100 pounds of gain (482 
and 492 pounds for molasses as compared to 468.2 and 434 for the non-
molasses lots). 
The hogs fed molasses had rougher coats and at times exhibited 
leg weakness. This latter condition was not pronounced. The two 
groups we're of equal score from the feed lot, and no gross differences 
were evident in the carcasses at slaughter. 
Light Hogs. The first experimental study with hogs weighing 44.2 
to 65.7 pounds at the beginning of the feeding period was made with 
the aim of determining the limits of tolerance of young pigs for beet 
molasses in a barley, tankage, beet molasses, and salt ration. In lots 
4, 5 and 6, 17.5, 26.2, and 36.4 percent of beet molasses was fed, re-
spective'!y. Within twenty to thirty days animals on all levels of mo-
lasses began to exhibit an incoordination of gait. This was especially 
evident when an animal was startled. Any attempt at rapid movement 
would result in the animal falling down. Staggering from side to side 
was common. Frequently, the stagge'ring was accompanied by a pro-
nounced swinging of the head from side to side. This latter nervous 
reaction was often exhibited by an animal when standing still. The 
periods of incoordination in many cases were followed in about ten 
days by periods of apparent normality, and then the incoordinate con-
dition would again develop. Sometimes the incoordinate gait was ac-
companied by high stepping and overstepping with the hind feet. 
Deaths often occurred during the periods of incoordination, but many 
hogs recovered. Some animals continued to eat and gain in weight even 
during the time when the incoordination was most pronounced. Other 
animals would lose appetite and become very thin before death, but 
the onset of death was sudden. 
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An incoordinate hog ·endeavoring to descend a short incline 
Individual daily records were not kept for this first experiment, 
but the incidence of the incoordination was high. In subsequent trials 
individual daily records were kept and the incidence of the incoordina-
tion was over 84. percent for those pens in which it appeared. The 
symptoms given above were evident in all pens exhibiting the incoordi-
nate gait. No animal was recorded as affected unless the incoordination 
was pronounced. Of the 77 animals in pens showing the incordinate 
condition, 12 were never observed to be extremely affected, but these 
Average length Year 
and Lot of experiment 
and no. 
season 
extremes 
days 
Wi nter 1 55 
1936 
2 55 
3 127 
Summer 4 127 
1939 5 127 
6 127 
Spring 7 56 
1940 
8 56 
105 
9 119 161 
108 
10 122.3 151 
108 
Summer 11 120.1 142 
91 
1940 12 111.0 133 
98 
13 111.3 126 
99 
14 117.0 142 
Table 3. Animal responses to the various rations 
No. No. No. Average Average 
hogs died affected initial weight final weight 
per in per and and 
lot days lot extremes extremes 
pounds pounds 
8 0 0 l:n.7 104.2 179.0 
136.0 226.3 251.3 
111.6 218.3 
R 0 0 122.0 132.2 234.2 242.7 
46.0 178.8 
10 0 0 53.5 68.7 228.8 259.8 
over 45.5 142.7 
10 1 (38) 50% 53.4 65.7 213.1 258.3 
over 45.7 102.7 
10 1 (121) 50% 52.5 62.8 194.2 277.8 
(65) All 44.2 77.2 
10 2 (113) ( ?) 52.5 63.3 190.0 259.0 
88.00 179.7 
8 0 0 115.3 152.3 210.2 235.2 
90.7 168.7 
8 0 0 117.6 138.2 210.9 253.5 
46.3 180.0 
8 0 0 47.9 53.0 198.9 210.0 
47.5 192.5 
8 0 6 48.1 50.0 198.5 205.5 
47.0 188.0 
8 0 6 47.7 50.5 196.0 296.0 
46.0 194.0 
8 1 (10) 7 46.7 50.5 201.0 209.0 
46.5 194.0 
8 0 6 47.4 50.0 197.6 203.5 
47.0 192.0 
8 0 0 47.4 50.0 198.7 206.5 
Total Feed 
required feed per 
con· 1001bs. 
sumed gain 
pounds pounds 
3,917.5 468.2 
4,326.0 482.0 
7,965.6 409.1 
7,807.6 
7,714.6 
7,103.9 
3,295.2 434.0 
3,673.2 492.0 
4,844.2 401.0 
5,376.1 446.8 
5,159.7 434.9 
4,814.6 445.8 
5,244.3 436.4 
5,506.2 454.9 
Average 
daily 
gain 
pounds 
1.90 
2.04 
1.38 
1.26 
1.12 
1.08 
1.69 
1.67 
1.26 
1.23 
1.23 
1.39 
1.35 
1.29 
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Table 3. Animal responses to the various rations (Continued) 
Average length No. No. No. Average Average Year 
and Lot of experiment hogs died affected initial weight final weight 
and in and and no. per per 
season 
extremes lot days lot extremes extremes 
days pounds pounds 
139 39.3 197.7 
15 140.5 146 5 0 5 40.7 43.3 203.6 211.3 
139 35.5 195.0 
Winter 16 144.3 146 5 1 (90) 0 38.9 45.5 197.4 198.3 
124 32.3 198.0 
1940 17 140.2 146 5 0 5 39.1 52.0 201.6 209.3 
118 33.5 203.3 
18 127.6 139 5 0 5 40.5 48.3 208.2 215.0 
127 25.5 200.0 
19 150.0 165 6 0 0 29.7 33.5 204.0 213.0 
124 (71 27.0 200.5 
20 168.5 184 6 2 (73) 5 31.7 44.0 205.1 207.5 
148 (71 26.0 200.0 
Summer 21 178.7 204 6 3 (119) 6 29.0 34.0 202.7 207.5 
(157) 
1941 134 30.0 200.0 
22 154.2 186 6 1 (68) 5 31.8 36.0 202.2 207.5 
127 (86 25.0 200.0 
23 163.5 215 6 2 (137 6 30.1 40.0 203.1 210.s-
141 30.0 201.0 
24 169.3 216 6 0 3 32.8 36.0 204.9 208.5 
141 30.0 200.0 
25 155.5 181 6 0 0 32.8 36.0 202.3 207.5 
-------
Total Feed 
required feed 
con-
per 
1001bs. 
sumed gain 
pounds pounds 
5,062.0 621.5 
4,820.0 
5,204.0 603.4 
5,200.0 620.2 
4,913.1 469.8 
4,685.5 
4,468.9 
4,874.1 
4,910.1 
5,760.9 557.9 
5,199.7 511.3 
Average 
daily 
gain 
pounds 
1.16 
1.10 
1.16 
1.31 
1.16 
1.03 
0.97 
1.11 
1.06 
1.02 
1.09 
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12 animals did appear slightly abnormal in gait at times throughout 
the e'xperimental period. 
No abnormality was found in the red, white, or differential cellu-
lar counts or the hemoglobin values of either the affected animals or 
the normal animals in the study made during the winter of 1940. 
Sections of spinal cord and sciatic nerve from the animals of pens 
9 through 18 were studied for myelin degeneration by staining with 
osmic acid according to the :Marchi technique. Slight myelin degenera-
tion was evident, and swelling, vacuolization, and fragmentation of 
nerve fibers were present in sections of both the spinal cord and the 
sciatic nerve of animals showing the incoordinate gait. 
The nerve tissues from the animals of pens 19 through 25 were 
fixed in 10 percent formalin followed by Weigert's rapid fixative, and 
stained with Kultschitzky hematoxylin. Slight myelin degeneration 
was found, and swelling, vacuolization, and fragmentation of fibers 
were prominent in the sections of sciatic nerve and spinal cord from 
animals of the pens showing the disease. This condition was not ob-
served in the tissues of animals from pens 19 and 25, the one's that 
did not exhibit the incoordinate gait. 
The studies made prior to 1940 indicated the probability of a 
nutritional deficiency which was concerned with the growth process, 
but in many cases did not gre'atly affect the rate of growth . The gross 
symptoms were somewhat similar to thiamin deficiency in the rat. Beet 
molasses contains little of the vitamin B complex as shown by Nelson 
et al. (25), Randoin and Lacoq (27), and Gyorgyi (8). For these 
reasons the rations fed during the summe'r of 1940 were supplemented 
with feeds rich in various members of the B-group. Ration 9, without 
molasses was fed as a positive control ration, one that would give nor-
mal performance, while ration 10, which was similar to ration 9 except 
that it contained 40 perce'nt of beet molasses with the barley lowered 
accordingly, was fed as a negative control ration or a ration that would 
produce the disease. All the other rations of this feeding period con-
tained 40 percent of beet molasses and were' supplemented with various 
carriers of members of the vitamin B-group. 
Fishmeal as 12 percent of ration 11, wheat germ as 5 percent of 
ration 12, millrun bran as 46 percent of ration 13, and dried brewer's 
yeast as 5 percent of ration 14 were fed. Fishmeal, millrun bran and 
wheat germ did not prevent the disease. When it became evident that 
the 5 percent level of wheat germ was not protecting the hogs, the 
le'vel was raised to 15 percent without any noticeable response. 
The animals of pen 14 receiving 5 percent of dried brewer's yeast 
did not develop the disease and their response was e'qual to that of 
the positive control group. 
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Wheat germ and millrun bran are both relatively rich in thiamin 
according to Fixsen et al. (7), and, considering the requirement of the 
hog for this factor as determined by Hughes (15), should have fur-
nished an ample supply at the level fed. Thiamin was not considered 
further as a preventative factor, but 5 percent of wheat germ was 
incorporated in the rations used in later studies. 
Wheat germ (Fixsen et al. ( 7 ) ) and excellent quality alfalfa hay 
(Hunt et al. (1 7) ) both contain r elative'ly large amounts of riboflavin. 
Considering the riboflavin require'ment of the hog (Hughes (14) ) the' 
rations used in this study should have contained ample amounts of this 
factor. 
The winter studies of 1940 were made to det ermine the effect of 
supplementing the' deficient ration with certain member s of the B-group 
of vitamins, to find if cooking the barley of the ration would increase 
the severity of the disease, and to check whole ground wheat (ration 
18 ) as a possible preventati ve fee'd. 
Forty percent of molasses was fed to all the lots used in this 
study . Ration 15 was fed as a negative control ration. 
Ration 16, containing 40 percent of cane molasses, was fed as a 
source of p yridoxin and pantothenic acid (Gyorgyi ( 8) and Juke's 
(18) ), to check again ration 17 containing 40 p ercent of beet molasses 
and supplemented with calcium pantothenate. It also seemed advis-
able to check cane molasses against beet molasses in the disease pro-
ducing ration. 
Wheat used as the g rain in the ration instead of barley did not 
prevent the disease. Calcium pantothenate at the level fed did not 
prevent the incoordination. Cooking the barley in ration 15, 16, and 
17, did not seem to alter the course of the dise'ase. However , the use 
of Hawaiian cane molasses inst ead of beet molasses prevented the 
diseased condition. 
Nicotinic acid was f ed in rations 15, 16, and 17 as some grain 
rations have been shown by Davis et al. ( 5) to be defi cient in this 
factor. This member of the B-group of vitamins did not prevent the 
incoordinate gait in pens 15 or 17, and so this factor was not considered 
further , however , it was incorporated in rations used later. 
Two animals of pen 15 were drenche'd each week with 5 cc. of 
biologically standardized cod-liver oil, without any noticeable response. 
These animals developed the incoordinate gait just as readily as ani-
mals not given cod-liver oil. Cod-liver oil was also given to animals 
showing the incoordination without positive r esponse. The adequacy 
of the vitamin D nutrition of all animals was attested by the excellent 
appearance, density and strength of the bone's at slaughter. 
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In the summer of 1941 further studies of pyridoxin and calcium 
pantothenate were made (rations 21 and 22). In pens 21 and 22, 6 mgms. 
of pyridoxin were fed per 100 pounds of live weight per day, while 
in pen 22, 8 mgms_ of calcium pantothenate per 100 pounds live weight 
daily were also fed_ The amounts of these vitamins given should have 
been ample to prevent their deficiency in the rations fed in light of 
the work of Hogan and McRoberts (12) and Hughes and Ittner (16). 
However, the deficiency was not prevented. Thus it seems unlikely 
that either of these two factors is conce'rned with the incoordinate gait. 
Ration 23 and 24 were fed to determine if replacing part of the 
beet molasses with cane molasses might not complete the ration_ A 
mixture of 10 parts be'et and 90 parts cane molasses was fed as 40 per-
cent of ration 23, while 1·0 percent of equal parts of beet and cane 
molasses was fed in ration 24. The lower level of cane molasses did 
not afford protection, but the mixture of equal parts of cane' and beet 
molasses afforded some protection as only three animals of this group 
showed the incoordination and the periods of incoordinatin were short 
in duration. This was probably a borderline manifestation. 
Ration 25 was the disease' producing ration with green alfalfa fed 
instead of alfalfa meal. The animals fed this ration grew as rapidly 
as the control lot and at no time during the experiment did they exhibit 
any noticeable abnormality. 
I t seems unlikely that the dise'ase produced on the molasses ra-
tions resulted from an inadequate amount of vitamins A, D, thiamin, 
riboflavin, nicotinic acid, or pyridoxin. Ascorbic acid and vitamin E 
do not appear to be required by the hog (Hughes, (13)). It is also 
unlikely that the deficiency could be one of choline' as betaine has been 
shown by Welch and Welch (32), to replace choline in the ration, and 
the concentration of betaine in beet molasses is high (table 1). As 
barley is a potent source of biotin (Lampen, et al., (21)), it is exceed-
ingly unlikely that this factor could be involved. 
Ellis and Madsen (6) have described a locomotor incoordination 
of nutritional origin in swine, characterized by severe myelin degenera-
tion of both sciatic nerves and fibers of the' spinal cord. Green alfalfa 
and freshly cut green soybeans did not prevent the disease. Barley as 
the grain in the ration prevented the disease. 
Barle'y was the grain used in most of the beet molasses rations 
of the present study, and as green alfalfa prevented the disease it 
seems unlikely that this disease is the same as that described by Ellis 
and Madsen (6). This is borne' out by the slight myelin degeneration 
of the molasses fed hog. 
Hogan and Johnson (11) have encountered a nutritional disease 
of rabbits and guinea pigs characterized by hemorrhages throughout 
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the body of the newborn animals. This disease is prevented by feeding 
the pregnant animals freshly pressed grass juice. Kohler et aI., ( 20) 
with rats and guinea pigs, and Cannon and Emerson, ( 3), with guinea 
pigs, have demonstrated the ne'ed of a special nutritional factor found 
in grass juice for these animals. The chief deficiency symptoms are loss 
of appetite, failure to grow, and finally death. 
The relationship of the molasses disorder to the'se "grass juice 
factors" is not clear . Figures given by Randle et al. ( 26) on relative 
"grass juice factor" content of various feeds indicate that green for-
ages are be'st sources, while wheat germ and brewer 's yeast are inter -
mediate sources. Wheat germ was ineffective in prevention of the in-
coordination resulting from molasses feeding, while brewer 's yeast and 
gre'en alfalfa prevented the disease. Thus, it would appear that the 
dietary principle t ermed "grass juice factor" for guinea pigs and rats 
is not the missing factor in the molasses disease-producing rations. 
Hogan and McRoberts (12) have encounter ed a nutritional dis-
ease of young pigs from sows fed rations of yellow corn, tankage, lin-
se'ed oil meal, alfalfa meal, cane molasses, soybean oil, cod-liver oil, 
salt, limestone, bonemeal, and ferrous sulfate. These rations were sup-
plemented with nicotinic acid, thiamin, and riboflavin. On these rations 
the young hogs developed diarrhea, skin lesions, and le'g weaknesses 
such as "goose step ," weaving gait, and sickle hocks . The young hogs 
when continued on their mother 's rations after weaning continued tv 
gain in weight, but at a much slower rate than animals from the' same 
litter fed the same ration, but g iven in addition vitamin Bs and an 
alfalfa concentrate. 
In the present study four gilts from the same litter, two that were 
raised on ration 13, and two rai sed on ration 14, were' continued on 
these rations and bred. The rations were changed to incorporate 10 
percent of alfalfa meal and the barley lowered accordingly . The gilts 
on ration 13 farrowed 4 and 5 pigs, respe'ctively, while the gilts on 
ration 14 farrowed 9 and 11 pigs, respectively . The number of young 
weaned on ration 13 were 2 and 3, while the sows on ration 14 weaned 
6 and 9. 
The young from the sows on ration 13 exhibited a staggering gait. 
The sows on this ration became stiff in the hind legs and had to be 
assisted to rise. After the young wer e weaned the sows were placed 
on alfalfa pasture supplemented with tankage and barley. Three 
months were required for the condition to disappear. 
The young from sows on ration 14 always appeared normal. The 
sows on ration 14 were in poor condition at the weaning time of the 
young (8 weeks) , but they did not develop the inability to rise and 
the extreme' stiffness in their hind legs. 
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The similarity between the disease developed in young pigs on our 
rations and those of Hogan and McRoberts leads us to belie've that this 
condition in the newborn pigs may be the same' in both cases. How-
ever, the similarity is not so marked with older pigs, and some other 
factor, or factors, are probably involved. 
Keith, et al. (19) have reported a nutritional disease of young 
pigs on a ration of yellow corn, tankage', soybean oilmeal, ground al-
falfa and salt. The disease is characterized by vomiting, diarrhea, 
anorexia, growth failure, ataxia, and mild dermatitis. Brewer's yeast, 
carotene, nicotinic acid, thiamin, riboflavin, calcium pantothenate, p yri-
doxin, and an alcoholic extract of vacuum dried beef live'r did not pre-
vent the disease. Whole vacuum dried beef liver cured the disease, but 
alfalfa pasture did not. 
Histopathological studies revealed moderate myelin denegeration 
in spinal cord and sciatic nerves with some fragmentation of demye-
linated nerve fibers. 
With heavier hogs 80 to 100 pounds, the above workers encoun-
tered stiffness which was cured by manganese sulfate. 
The hogs weighing 100 pounds or more in the present study did 
not develop the stiffness described by Keith et aL (19), so apparently 
our rations were complete in this re'spect. This is borne out by the 
fact that wheat bran (ration 13 ) and wheat germ which are rich in 
manganese (Titus ( 31) ) , did not prevent the incoordination or leg 
weakness. 
The fact that brewer 's yeast failed to prevent the ataxia encoun-
ter ed by K eitl; (1 9) makes it seem that this disease is not the same as 
the dise'ase caused by feeding sugar-beet molasses . 
Summary and Conclusions 
A NUTRITIONAL disease of young pigs that is concerned with the growth process and characterized by a staggering gait, has be'en 
encountered by feeding beet molasses to replace part of the grain in 
a barley, tankage, molasses, alfalfa and mineral ration. This disease 
is often fataL As little as 15 p ercent of beet molasses in the ration 
will cause the disease'. Supplementing the disease-producing ration 
with 5 p ercent of brewer 's yeast or green alfalfa (5 p ercent on hay 
basis) will complet e the ration. 
Pigs weighing 25 to 50 pounds show symptoms in about 20 to 
30 days though some animals do not manifest the disease until a much 
longer period has elapsed. 
Pathological studies of the spinal cord and sciatic nerve of affected 
animals reveal slight myelin degeneration and swelling, vacuolization 
and fragmentation of nerve fibers. 
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Apparently this disease results from the' lack of some vitamin-
like principle as yet unrecognized as necessary in swine nutrition . 
Hogs weighing 100 pounds or more do not develop the disease 
when fed the disease-producing ration. 
Sows fed the disease-producing ration farrow young affected by 
an incoordinate gait, and death losses of young are high. This condi-
tion is similar to the condition reported by Hogan and McRoberts (1'2). 
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